Grape seed is a potential source of edible protein, so effective extraction of protein component from grape seed seems to be very important. However, so far, such information is unavailable. In this study, the conditions for protein extraction from the grape seeds were optimized by the single factor test and the response surface methodology (RSM). A box-behnken design (BBD) was used for experimental design and analysis of the results to obtain the optimal extraction conditions. Solvent/meal ratio, extraction temperature, pH and extraction time were found to have a significant effect on the protein yield. From the single factor test, the optimal range of extraction conditions was obtained. Based on the RSM analysis, optimum extraction parameters were obtained as following: solvent/meal ratio 22.5/1 (v/w), extraction temperature 35℃, pH 9.8, and extraction time 29 min. Under the optimized conditions, the experimental values were in good agreement with those predicted by the model. These results help design the process of optimal protein extraction from grape seeds for future use in food industry.
Introduction
The global yield for grape is about 6000 million tons. After processing, large amounts of grape seeds were produced as side product, so grape seeds were believed to be an alternative cheap source of proteins (Zhou et al., 2010) . Grape seeds account for about 2-3% of the whole grape berry, and have received increasing attention for its significant health and other benefits (Del Bas et al., 2005; Al-Awwadi et al., 2005; Guo et al., 2007; Terra et al., 2007) . Many studies mainly focus on the polyphenols of grape seeds (Nuno et al., 2004) . In contrast, information on other components from grape seeds is relatively rare. It has been known that dried grape seeds are likewise rich in lipids (22.07%), carbohydrates (12.51%) and proteins (11.94 %) (w/w) (Pesavento et al., 2008) . Compared to lipid and carbohydrate components, protein component has its specific nutrition effect. For example, recently, it was found that the grape seed proteins (GSP) contain 8 kinds of all the essential amino acids at a relatively high level (Zhou et al., 2010) . To date, the major protein compositions, physicochemical characteristics and functional properties from the endosperm of grape seeds (Zhou et al., 2011) , and grape varieties differentiation by seed protein compositions have been reported by our and other groups. All these reported results showed that GSP has a great potential for its application in food industry. Thus, how to extract GSP in an effective way seems to be very important. However, such information has been lacking.
On the other hand, various methods of protein extraction have been reported for different protein sources including legumes, oilseeds, cereals, milk, and muscle proteins (Agboola et al., 2005; Horax et al., 2004; Ju et al., 2001; Paraman et al., 2007) . One step alkaline extraction is a common and simple procedure to obtain a relatively pure protein with a high yield (Ronny et al., 2010) . However, so far, to the best of our knowledge, no report is available on the optimization of conditions of protein extraction from grape seeds, although these are very important for its future use in food industry.
During protein extraction, there are many parameters trifuged at 8000 × g at 4℃ for 20 min, the supernatant was collected. Resultant precipitate was extracted one more time with the same procedure, and then the two supernatants were mixed together. The pH value of the resulting solution was adjusted to the protein isoelectric point with 0.5 M HCl. Resulting slurry was centrifuged at 8000 × g at 4℃ for 20 min. The resultant sediment was collected, freeze-dried, packed in plastic bags, and stored in an airtight box for future analyses. The soluble protein content was determined according to the method of Lowry (Lowry et al., 1951) . All the experiments were carried out in triplicate.
Experimental design and statistical analysis The single factor test was employed to determine the proper extent of the extraction conditions. To determine effect of independent variables on the response within the range of investigation, a box-behnken design with four independent variables (X 1 , solvent/meal ratio; X 2 , extraction temperature; X 3 , pH; X 4 , extraction time) at three levels was performed (Haaland, 1989) . For statistical calculation, the variables were coded according to the equation:
where x i is the independent variable coded value, X i is the independent variable real value, X 0 is the independent variable real value on the centre point and ΔX i is the step change value. The range of independent variables and their levels are presented in Table 1 . The independent variables and their ranges were chosen based on preliminary experiment (the single factor test) results. The whole design consisted of 29 experimental points was carried out in random order. Five replicates at the centre of the design were used to allow for estimation of a pure error sum of squares. The quadratic model for predicting the optimal point was expressed according to the equation:
where Y k is the response function, β k 0 is the centre point of the system, β k i , β k ii , and β kij represent the coefficients of the linear, quadratic and interactive terms, respectively; x i , x ii and x i x j represent the linear, quadratic and interactive terms of the such as pH, temperature, time, ionic strength and the solvent/ meal ratio which significantly affect the protein extractability (Wani et al., 2006) . Not only the single factor affects the yield, but also all the factors affect the yield together. When many factors and interactions affect desired responses, response surface methodology (RSM) which can provide the relevant information in the shortest time with the least number of experiments is an effective tool for optimizing the process (Rustom et al., 1991) . In addition to analyze the effects of the independent variables, this experimental methodology generates a mathematical model which describes the chemical or biochemical processes (Bas and Boyaci, 2007) . Thus, optimizing the extraction conditions through the RSM is a smart choice. In this study, we employed the RSM to optimize the protein extraction process from grape seeds for a maximum yield. Reported method could be used in food industry in future due to its simplicity and relatively low cost.
Materials and Methods
Materials Grape seeds (Vitis vinifera L.) were obtained from Tianjin Jianfeng Natural Product Co., Ltd. All the agents used in the present study are of analytical grade or better grade.
Sample preparation About 1.0 kg of grape seed was washed and then soaked in 2 liters of distilled water overnight. When the grape seeds dry, they were ground with the high speed disintegrator (Beijing Huanyatianyuan Machinery Co.) and passed through a 1 mm sieve in an electric mill. The ground meal was air-dried at room temperature and then in oven at 50℃ for 2 h, and ground again to pass through a 0.5 mm sieve. Resultant flour was packed in polyethylene bags and stored at room temperature until use (Zhou et al., 2010) .
Protein extraction Grape seed meal was extracted with selected 29 combinations of independent variables such as extraction temperature (35-45℃), pH (9.0-10.0), solvent/ meal ratio (17.5:1 to 22.5:1 v/w) and extraction time (20-60 min) (Table 1) . Grape seed flour (10 g) was extracted with deionized water in a stirred glass vessel at 25℃. The pH of suspension kept constant during extraction by adjusting it with 0.5 M NaOH or 0.5 M HCl. After the slurry was cen- ed with either 1 M HCl or 1 M NaOH to obtain at various pH values from 3.0 to 10.0, and stirred for 30 min at room temperature. Protein solubility in the dispersions at varying pH values was calculated using the following equation:
Where Ps is the solubility of the GSP, X and Y represent the amount of nitrogen in the supernatant and the total amount of nitrogen in 100 mg GSP respectively, which are both determined by the method of Lowry (Lowry et al., 1951) . All treatments were triplicated.
Results and Discussion
Single factor test The effect of four independent variables (solvent/meal ratio, extraction temperature, pH, extraction time) on the test index (protein yield) has been studied. Generally, each factor has obvious influence on the index. The effect of solvent/meal ratio on the protein yield was showed in Fig. 1A . Before the solvent/meal ratio reaches to 17.5/1, there is only a subtle change for the protein yield.
coded independent variables, respectively. The fitted polynomial equation is expressed as surface and contour plots in order to visualize the relationship between the response and experimental levels of each factor and to deduce the optimum conditions (Triveni et al., 2001) . The analysis of variance tables were generated and the effect and regression coefficients of individual linear, quadratic and interaction terms were determined. The significances of all terms in the polynomial were judged statistically by calculating the F-value at a probability (p) of 0.001, 0.01 or 0.05. The regression coefficients were then employed to make statistical calculation to generate dimensional and contour maps from the regression models (Wu et al., 2007) . The software for data processing (design expert 7.1.6) was used to analyze the experimental data.
Solubility determination The protein solubility profile at various pH values was determined using a modified method described by Bera and Mukherjee (Bera and Mukherjee, 1989) . Protein dispersions were made using 100 mg of the GSP in 10 ml of deionized water. The dispersions were treatExtraction of Grape Seeds Protein the optimal protein extraction process, RSM was selected to investigate optimum conditions for maximizing the yield of protein extraction from grape seeds. The experimental data for protein yield of the crude protein under different treatment conditions are presented in Table 2 . The following parameters including higher extraction yield, higher purity of crude protein, shorter extraction time, and smaller solvent to meal ratio were used for optimization of the extraction procedure, based on the idea that the reduction of energy consumption and process waste should be as little as possible while keeping the extraction efficiency maximal (Shi et al., 1996) . Additionally, high temperature and low pH should be prevented due to protein denaturation.
Fitting the model The grape seeds flour was extracted for its protein following 29 combinations of four independent variables (temperature, pH, extraction time, solvent/meal ratio) ( Table 2) 
The predicted values of protein yields were calculated using the regression model and compared with experimental values in Fig. 2 . The total determination coefficient (R 2 ) was 87.12%, indicating a reasonable fit of the model to the experimental data. Earlier studies have reported values for R 2 ranging from 0.710 to 0.952 for flaxseed, pigeon pea and tomato seed (Wanasundara and Shahidi, 1996; Mizubuti et al., 2000; Sogi et al., 2003) . And the closer the value of R 2 to the unity, the better the empirical model fits the actual data (Lee et al., 2006) . The significance of each coefficient was determined using the p value. Solvent/meal ratio is the most significant factor (p < 0.05). Early studies had reported a similar effect (Liadakis et al., 1995; Wani et al., 2006) . Additionally, interaction effect of solvent/meal ratio and extraction temperature was significant (p < 0.01). However, others have reported that interaction effect of pH and solvent/meal ratio was significant (p < 0.05) (Ebru and Ozgul, 2010 ).
To obtain the significance level, analysis of variance (ANOVA) of independent variables was performed. The statistical analysis data revealed that the quadratic term was significant (p < 0.0001). The lack of fit test measures the failure of the model to represent data in experimental domain at points which are not included in the regression (Ebru and Ozgul, 2010) . There was an insignificant lack of fit that Once it has approached 20/1, the protein yield increases significantly, reaching 3.59%. However, beyond this value, the protein yield reduces. This may be due to a decrease in the concentration of protein, resulting in a decrease in the protein yield. Thus, the ratio of solvent/meal 20/1 seems to be an optimal value for extraction. This result is in good agreement with previous results obtained by Ebru and Ozgul (2010) . A similar result has been obtained by Li, showing that the optimal solvent/meal ratio for pumpkin seeds protein extraction is 30.2/1 (Li and Fu, 2005) .
The effect of temperature on the protein yield was presented in Fig. 1B . Generally, the protein yield is sensitive to the temperature. When the temperature is under 35℃, the protein yield is basically unchanged. In contrast, with increasing temperature up to 40℃, the protein yield increases promptly, reaching 1.54%. This is because higher temperature increases the solubility of protein. As the temperature ascends to 45℃, the protein yield decreases due to the lower solubility of protein stemmed from protein denaturation. Ma et al. has also studied the effect of temperature on peanut protein yield and the optimal temperature (36.35℃) was obtained which is close to our result (Ma et al., 2010) .
The suspension pH value has crucial influence on the protein yield. As shown in Fig. 1C , along with an increase in pH value, the protein yield has improved as well. Only when the pH value is 9.5, the protein yield reaches a maximum (3.50%). However, there are also several other researches about the influence of pH. Comparing with the results (pH 9.0) obtained by Ronny, the pH reported here is a little higher (Ronny et al., 2010) . This is just because that the GSP possesses a large amount of glutamic acid and aspartic acid (Zhou et al., 2011) . Beyond this value, the strongly alkali condition leads to protein denaturation, finally leading to a decrease in the protein yield (Wani et al., 2006) . Therefore, a proper pH value can improve the protein yield as much as possible while keeping proteins from denaturation.
As shown in Fig. 1D , the protein yield is susceptible to the extraction time. It was observed that the longer time it soaks, the more protein dissolves, so the protein yield is higher. From 15 min to 30 min, the protein yield increases clearly, but the protein yield keeps basically stable after 30 min. This may be because the proteins have already reached an equilibrium of solubility within 30 min. Similar results were found with red pepper seeds (Ebru and Ozgul, 2010) .
Based on these observations, the four variables all have significant influences on the protein yield. From the above single factor test, the proper range of the variables was obtained, which provides the important support for the following test.
Optimization for protein extraction using RSM To obtain further validates the model (p > 0.05). A similar result was observed by other group (Wani et al., 2006) . The Adeq Precision of the test calculated was 10.110. If the Adeq Precision is greater than 4.0, it indicates an adequate signal and the model can be used to navigate the design space. The coefficient of variation (CV) is the ratio of the standard error of estimate to the mean value of observed response expressed as a percentage. The CV of the model was 13.4% demonstrating that the reproducibility of the model is a little worse. From the above analysis, the developed model could adequately represent the real relationship among the parameters chosen. Thus, this model can be employed for the following process optimization.
Optimization of the process The above-mentioned model was used for the process optimization and the three dimensional surface plots are the graphical representations of the regression equations. The main goal of response surface methodology was to identify the optimum values of the independent variables efficiently so that the response is maximized. These graphs were obtained by fixing two variables at coded zero level while varying the remaining two variables Extraction of Grape Seeds Protein As Fig. 3A shown, variations in solvent/meal ratio and extraction temperature both have quadratic effect on the protein yield. Variation in solvent/meal ratio and extraction (Table 2 ). The results of protein yield affected by solvent/ meal ratio, extraction temperature, pH and extraction time are shown in Figs. 3A to 3F, respectively.
C. Lv et al. Fig. 3 . Response surface plots for protein yield of grape seeds flour: (A) Effect of solvent/meal ratio (X 1 ) and extraction temperature (X 2 ) on protein yield with extraction time 40 min, pH 9.5; (B) Effect of solvent/meal ratio (X 1 ) and pH (X 3 ) on protein yield with extraction temperature 40℃, extraction time 40 min; (C) Effect of solvent/meal ratio (X 1 ) and extraction time (X 4 ) on protein yield with extraction temperature 40℃, pH 9.5; (D) Effect of extraction temperature (X 2 ) and pH (X 3 ) on protein yield with solvent/meal ratio 20/1 (v/w), extraction time 40 min; (E) Effect of extraction temperature (X 2 ) and extraction time (X 4 ) on protein yield with solvent/meal ratio 20/1 (v/w), pH 9.5; (F) Effect of pH (X 3 ) and extraction time (X 4 ) on protein yield with solvent/meal ratio 20/1 (v/w), extraction temperature 40℃. mum yield could be obtained at 20-min extraction time and pH 10.0, while the temperature and the solvent/meal ratio were kept at 40℃ and 20/1 (v/w), respectively. Previous study revealed similar condition as the present study (Wani et al., 2006) . Generally, considering all the responses, the temperature and solvent/meal ratio have significant effects while the pH and extraction time have slight effects on protein yield. According to the above equation and data, independent variables under the optimum conditions are as follows: temperature, 35℃; solvent/meal ratio, 22.5/1 (v/w); time, 29 min; and pH, 9.8.
Confirmative test The suitability of the model equation for predicting the optimum response value was tested using the recommended optimum conditions. When optimum values of independent variables (temperature, 35℃; solvent/ meal ratio, 22.5/1 v/w; time, 29 min; pH, 9.8) were incorporated into the regression equation, 4.57 g/100 g protein yield was obtained. This value is in good agreement with the experimental value, 4.30 g/100 g, under the optimum conditions. Thus, the above mentioned model can be applied to the optimization of protein extraction process.
Protein solubility To better understand of the quality of the crude protein extracted through the process optimization, its solubility was also evaluated. Figure 4 shows the protein solubility profiles of GSP over a range of pH values. The solubility of GSP is pH-dependent. The GSP has the lowest solubility at pH values between 3.0 and 5.0 which are around the isoelectric point of GSP, while the solubility increases at pH values above 5. The lower solubility of GSP may be due to a relatively lower content of charged residues (Tang et al., 2009) . At pH ≥ 6.0, the solubility of GSP ranges from temperature revealed that the protein yield was maximal when the solvent/meal ratio was 22.5/1 (v/w) and extraction temperature was 35℃ while the pH value and extraction time were used as 9.5 and 40 min, respectively. Previous study on extraction of watermelon seed protein revealed that the ratio of solvent/meal was 70/1 which is higher than the present study (Wani et al., 2006) ; however, study on protein extraction of red pepper seed protein is in agreement with the present study (Ebru and Ozgul, 2010) . The increase in temperature and solvent/meal ratio both can cause the growth of protein yield. However, when temperature was 45℃ and solvent/meal ratio was 22.5/1 (v/w), the protein yield was only 2.58%. This is because the high temperature is easier to cause protein denaturation at the condition of more solvent.
The influence of pH and solvent/meal ratio on protein yield is shown in Fig. 3B . It was observed that the solvent/ meal ratio has a more obviously effect on the protein yield than pH. Under the condition of pH 10.0, solvent/meal ratio 22.5/1 (v/w), extraction temperature 40℃ and extraction time 40 min, the protein yield was maximal. This result is not consistent with previous observation with protein extraction of flaxseed and deoiled tomato seed meal (Oomah et al., 1994; Sogi et al., 2003) . The difference in the reported results may be due to the difference in the plant material, type of equipments used and other agricultural practices during growing conditions.
From Fig. 3C , the maximum protein extraction was 2.8% under the condition that solvent/meal ratio is 22.5/1(v/w), and extraction time 60 min while fixing the extraction temperature and pH at 40℃ and 9.5, respectively. The solvent/ meal ratio has a significant influence on the protein yield, which is close to the result by Li (Li and Fu, 2005) . Fig. 3D revealed that the pH and extraction temperature had linear and quadratic effect on the protein yield, respectively. The protein yield rises along with an increase in pH. In contrast, the relation curve of the temperature and protein yield is just like parabola. Other studies also revealed the same result (Wu et al., 2007) . On the condition that the temperature was 35℃ and pH was 10.0, the maximum protein extraction was obtained with the constant extraction time as 40 min and solvent/meal ratio as 20/1 (v/w).
As shown in Fig. 3E , the extraction time affected the protein yield significantly while the extraction temperature has relatively small effect. Similar reports on effect of extraction time on protein yield have been reported for deoiled tomato seed meal, chickpea, flaxseed and pigeon pea protein extraction (Mizubuti et al., 2000; Oomah et al., 1994; Li and Fu, 2005) .
Compared to other factors, pH and extraction time have less effect on the protein yield as shown in Fig. 3F . A maxiExtraction of Grape Seeds Protein 24.92% to 39.73%. The protein solubility is influenced by protein-protein and protein-solvent interactions, and is influenced by the surface hydrophobic-hydrophilic balance of the protein (Moure et al., 2006) . These interactions are a manifestation of intra and inter-molecular bondings in the presence of charged, polar, and nonpolar groups of protein amino acid residues on the surface of the protein structure, while the protein interior contains mostly buried nonpolar amino acid residues of the native protein (Damodaran, 1997) .
Conclusions
In this study, RSM design was used to optimize the GSP extraction process from grape seeds on the basis of the single factor test. The predicted profile and the regression equation showed that the optimum conditions for protein extraction from grape seeds were solvent/meal ratio 22.5/1 (v/w), extraction temperature 35℃, pH 9.8 and extraction time 29 min. Through the test data analysis and confirmative test, the experimental result is consistent with the predicted value. Therefore, the response model can be widely used for optimization of the extraction process.
